The heart sounds of 20 patients with uinecomiplicated atrial septal defect have been analyzed, and the deviations from a normal control group were noted. Following complete closure of the defect 11 patients have been restudied, and the changes produced in the heart sounds by closure of the defect are discussed. By comparison of pre-operative and postoperative heart sounds and electrocardiograms it has been possible to ascribe some abnormalities of the heart sounds to the presence of the left-to-right shunt, and some to the presence of delayed electrical depolarization of the right ventricle. 
T HE development of safe and effective surgical technics for the closure of atrial septal defects has increased the importance of accurate preoperative diagnosis. This lesion is common and, especially in younger patients, the physical signs may occasionally simulate those of a normal patient with a functional systolic murmur. Ancillary diagnostic methods that might obviate the need for cardiac catheterization would therefore be valuable. Atrial septal defect is characterized by a large left-to-right shunt with increased blood flow across the tricuspid and pulmonic valves and by delayed electrical depolarization of the right ventricle resulting usually in a pattern of incomplete right bundle-branch block in the electrocardiogram. Since both these features may produce distinctive changes in the heart sounds. phonocardiography may be an important technic in the correct diagnosis of this lesion. It is the purpose of this paper to describe the phonocardiographic features of 20 patients with uncomplicated atrial septal defect. Eleven of these patients were studied again after commIplete surgical closure of the defect. Since there was essentially no change in the electrocardiograms of these patients following surgery, this study has provided the unique opportunity of separate examination of the effects of the left-to-right shunt and of the delay of right ventricular depolarization upon the heart sounds in this lesion.
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MATERIAL AND METHODS
The diagnosis of atrial septal defect of the secundum variety was established in each patient by cardiac catheterization and further confirmed by surgical closure of the defect in 14 patients. Eleven of these patients had postoperative studies of their heart sounds. Complete closure of the defect in 10 of the patients was established by postoperative cardiac catheterization or by obvious coinplete surgical closure under direct vision with use of c'trdiopulmonary bypass.
The patients ranged in age fronm 4 In all patients in this study measurements were made from the onset of the QRS complex of the electrocardiogram to the onset of pressure rise in the right vemntricle and the pulmonary artery, as artery pressure tracing. These intervals usually correlated well with the simultaneously recorded heart sounds but in all instances the sound provided a more precise point of reference than the event recorded on the pressure tracing. For example, it was usually difficult to determine the exact instant of the ascent of pressure in the right ventricle due to the initial gradual ascent of the pressure curve-whereas it was not difficult to identify precisely the onset of the sound of closure of the mitral and tricuspid valves. A study of heart sounds may therefore provide a more accurate method of examining the events of the cardiac cycle than examination of the pressure pulse.
Heart The murmur was of variable intensity and in some instances was faint or exhibited a scratchy character that suggested an innocent systolic murmur or a cardiorespiratory murmur upon auscultation. There was a rough direct correlation between the intensity of the murmur and the relative magnitude of the left-to-right shunt, the louder murmurs being associated with shunt volumes of 6 L. per minute per M.2 or more. Two patients with grade-Ill murmurs had smaller shunts but these patients had prominent enlargement of the main pulmonary artery demonstrated by chest roentgenograms. All patients with a loud murmur and a large shunt had a similar degree of pulmonary artery enlargement.
Following closure of the defect, the murmur disappeared in 3 patients and was greatly reduced in intensity in 8. It has been suggested by Cossio et al.3 that the systolic murmur in atrial septal defeet is due to the increased blood flow across the pulmonic valve. If this concept is true, increasing pulmonary blood flow following closure of the defect should reproduce the murmur that was present prior to surgery. Pulmonary flow was increased by vigorous exercise in 8 patients and phonocardiograms were recorded immediately after exercise. In 6 of these patients, the original systolic murmur reappeared or the intensity of the residual systolic murmur increased ( fig. 3 ). The characteristics of the murmur induced by exercise were the same as those of the murmur present prior to surgery.
The second heart sound at the base is normally split, with pulmonic valve closure occurring 0.01 to 0.03 second after aortic valve closure in expiration. Inspiration increases this interval to values of from 0.03 to 0.05 second due largely to a prolongation of right ventricular systole' and probably also to a shortening of left ventricular systole as demonstrated by Boyer and Chisholm.4 The interval from aortic closure to pulmonic closure during expiration in the 15 control subjects in this study ranged from 0.01 to 0.04 second (mean 0.028 second). The expected respiratory variation in this interval was noted in all of these subjects. In the patients this interval ranged from 0.04 to 0.09 second (mean 0.059 second) during expiration ( fig. 4 ). On inspiration 12 of the 20 patients showed an increase of about 0.01 second in this interval. Following closure of the defect the interval from aortic to pulmonic valve closure returned to normal in 9 of the 11 patients studied. In 7 of these 9 patients the normal pattern of respiratory variation was also noted. In 1 patient, in whom complete closure of the defect had been demonstrated by postoperative cardiac catheterization, the interval remained unchanged at 0.06 second and showed no respiratory variation. One patient maintained a wide interval, but showed normal respiratory variation. The duration of the QRS complex of the electrocardiogram in these latter 2 patients was less than 0.10 second. At the time of the postoperative studies the heart rates were not exactly the same as in the preoperative studies but the difference in rates was small (mean 9 Presystolie sounds were recorded at the cardiac apex in 8 patients. These sounds could not be detected by auseultation. These sounds were comparable to similar sounds recorded in normal subjects. No presystolic murmurs were observed. A faint apical third heart sound was recorded in 1 patient, which could not be identified by auscultation. ill patients with a variety of heart diseases, and, in another study,8 in 2 of 13 patients with no cardiovascular disease.
The systolic ejection sound produced by abrupt tension of the annulus of the pulmonary valve is a frequent finding in atrial septal defect because the transmission of the sound to the chest wall is facilitated by dilatation of the pulmonary artery.9 Since it maybe present in normal subjects, its occurrence is of little diagnostic value unless it is loud or widely separated from the first heart sound. The basal systolic murmur in atrial septal defect is undoubtedly produced at the pulmonic valve for the following reasons: 1. It is usually maximal at the pulmonic area. 2. It is an ejection murmur frequently initiated by anl ejection sound. 3. Increased flow across the valve and dilatation of the pulmonary artery occur in atrial septal defects and could produce the murmur and facilitate its transmission to the chest wall. 4. At surgery a palpable thrill is present over the pulmonary artery, which disappears when the defect is closed. 5 . Phonlocatheter studies have demonstrated that the murmur is loudest at the pulmonic valve and faint or absent in the right ventricle or right atrium. The data ill the present study suggest that 2 factors are involved in the production of the murmur: increased flow across the valve, and anatomic changes (dilatation) in the pulhonary artery.
That the increased flow was not the only factor in the production of the murmur was suggested by the presence of residual systolic murmurs in 8 patients whose defects had been closed. Pulmonary blood flow was increased by exercise in 8 patients postoperatively and ill 6 the systolic murmurs appeared or, if present, became louder. The phonocardiographic characteristics and the location of these murmurs induced by exercise were similar to those observed prior to surgery.
As other investigators'0 have noted, respiratory variation in the degree of splitting of the second sound was present in many of the patients, although the magnitude of the variation was less than in the normal control subjects, That this is not apparent on auscultation is due to the wide separation of the 2 components of the second sound in atrial septal defects, which makes small changes in the degree of splitting difficult to discern. The return of the degree of splitting to the normal range after closure of the defect indicates that the principal factor in the prolongation of right ventricular systole is the increased stroke volume and not the delay in depolarization of the right ventricle. Similar findings have been noted by others.10'"1
Early diastolic murmurs at the lower sternal margin probably are due to increased flow across the tricuspid valve at the time of rapid right ventricular filling in early diastole. No increase in the loudness of the murmur was noted during inspiration as is frequently found ill tricuspid stenosis or imisufficiency. This is probably due to the fact that the large flow across the valve in atrial septal defect cannot be increased proportionately as much by inspiration as can the smaller flow across the valve in tricuspid disease.
A faint third heart sound recorded at the apex of 1 The rare occurrence of third sounds in the right ventricle is pertinent to the general origill of the third heart sound. Surely the hemodynamic events accompanying left ventricular third sounds must occur as frequently in the right ventricle as in the left. The rapid filling of the right ventricle in atrial septal defect and tricuspid insufficiency, however, is rarely accompanied by third sounds. It is possible that the tricuspid valve and its chordae are thinner and more delicate and therefore less capable of producing a third sound when tensed than the thicker leaflets and chordae of the mitral valve.
While most of the above features of atrial septal defect can be elicited by careful auscultation, phonocardiography is of value in determining the degree of splitting of the first and second heart sounds, especially when one component is faint, as well as identifying the presence of systolic ejection sounds and the more rarely encountered early diastolic sounds. Following surgery auscultation will usually reveal the change in intensity or disappearance of the systolic murmur and the systolic ejection sound, the disappearance of the tricuspid flow murmur and the return to a normal degree of splitting of the second sound. Phonocardiography should make the latter determination more precise. Figure 6 represents the characteristic sounds and murmur and the postoperative changes diagrammatically. SUMMIARY Phonocardiographic studies have been made of 20 patients with uncomplicated atrial septal defect and these studies have been repeated in 11 patients after conmlete surgical closure of the defect.
The following characteristic features were observed: Splitting of the first heart sound due to the delayed onset of right ventricular contraction. Systolic ejection murmur at the pulmonie area initiated by a systolic ejection sound. Both are due to increased flow and dilatation of the pulmonary artery. Wide splitting of the second sound due to prolongation of right ventricular systole. Early diastolic murmur along the lower left sternal border probably due to increased flow across the tricuspid valve. Rare presence of a third heart sound arising in the right ventricle.
Following 
